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Previous work indicated a substantial heterotic expression for grain

yield existed within winter/spring hybrids of barley, This research was

a continuation for the comparison of the expression of heterosis within

winter/spring hybrids to the heterotic effect produced among the winter

and among the spring parents.

The F
1

and F
2
progenies of one winter/winter, four winter/spring,

and one spring/spring crosses involving two winter parents, 'Hudson',

and 'Ager' and two spring parents, 'M21', and 'Karl' were studied.

The experiment was a randomized-block design with two replications.

Comparisons between the crosses were made by way of orthogonal con-

trasts. A very early spring planting date allowed sufficient cold ex-

posure for vernalization of the winter habit material. Estimates of

heterosis, heterobeltiosis, and inbreeding depression were obtained for

the traits number of tillers per plant, 1000 kernel weight, number of

kernels per spike, grain yield per plant, and plant height.

Significant heterobeltiosis was detected for grain yield in only



the F
1
winter/winter hybrid 'Hudson/Ager'. A significant negative

heterosis for grain yield was expressed by the F1 winter/spring hybrid

'Hudson/M21'. The winter/winter F1 hybrid 'Hudson/Ager' was the only

hybrid that expressed significant heterosis for plant height and tiller

number, and was the only hybrid that did not express significant hetero-

sis for kernel weight. Inbreeding depression in the F2 occurred in

most cases, but significantly in only three winter/spring crosses for

the trait kernel weight.

These results indicate that the winter/winter F1 hybrid's ex-

pression of heterosis for grain yield was probably due to the contri-

bution of the tillering component of grain yield. The failure of

kernel weight in the winter/spring hybrids to have a heterotic effect

on grain yield may have been prevented by yield component interaction.

These results are not in agreement with data obtained from these

hybrids in a previous year at another location, and suggest that the

diversity between these winter and spring parents may not be sufficient

to produce a heterotic expression across environments.
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ESTIMATES OF HETEROSIS IN WINTER/WINTER,
SPRING/WINTER, AND SPRING/SPRING CROSSES OF

BARLEY (iordeum vulgare L.)

INTRODUCTION

Barley has been utilized by mankind for thousands of years, and its

importance is not likely to diminish in the future. Some characteristics

of this crop, such as salt tolerance, early maturity, drought tolerance,

and high lysine protein, offer advantages over other cereals and make it

particularly important in less developed countries where it is consumed

largely as human food. In the more developed countries barley is an

important livestock feed and the source of malt for the brewing industry.

The demand on this crop as a significant food resource requires an effort

to maximize production through improved cultural practices and the breed-

ing of superior cultivars.

Plant breeders are expressing concern that yield plateaus may have

been reached in some crops because of insufficient genetic diversity in

existing germplasm. Increasing the useable genetic variation in barley

is being attempted by crossing of winter with spring germplasm for the

transfer of desirable genetic traits. Historically such crosses were

attempted only when the characteristic or attribute with which the breed-

er was working was unobtainable within the particular type. As a result,

these spring and winter barleys have developed simultaneously and some-

what independently of one another in an evolutionary fashion. The

amount of useable genetic variation available to the plant breeder is

crucial to the production of improved varieties. This diversity may also
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be important in the expression of heterosis in barley hybrids.

The development of genetic systems, such as balanced tertiary tri-

somics in barley, for the production of F1 hybrids on a commercial scale

has generated much interest in the expression of heterosis in self-

pollinated crops. Scientists (McNeal et al 1965, Hayes 1968, Walton

1971) have suggested that the heterotic expression of a hybrid is

dependent upon the genetic diversity between its parents. Hybrids

developed from very diverse and unrelated parents usually express the

greatest amount of heterosis. Therefore, it was a logical step to

investigate the heterotic expression within the winter/spring hybrids

There is good evidence to the existence of a heterotic effect for

yield in barley winter/spring hybrids, but there have also been reports

of substantial heterosis expressed in hybrids produced between winter

cultivars or spring cultivars. From a genetic standpoint, the parents

with the best proportion of additive, dominant or complementary epi-

static genes for the most advantageous expression of the yield compon-

ents will produce the best F1 hybrids. The degree to which heterosis is

expressed will depend upon the presence of the favorable dominant and

epistatic genes within the parents, the transmission of these genes

from the parent to the offspring, and the environment in which the

hybrids are grown. Thus, the particular genetic attributes of the

parents may have much more of an influence on the performance of the

hybrid than the association of the parents with spring or winter

germplasms.
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DEVELOPMENT OF OBJECTIVES

The original objective of this thesis was to evaluate the amount

and nature of the genetic variability and the heterotic expression be-

tween 16 winter/spring barley hybrids from four winter and four spring

parents and the hybrids among the winter parents. A previous work found

that a significant amount of heterosis for yield was expressed in winter/.

spring crosses involving the same cultivars included in this study. The

purpose of the comparison was to determine if the winter/spring hybrids

would express a significant increase in the genetic variability or in

the expression of heterosis over the winter/winter hybrids. The null

hypothesis was that a greater amount of genetic variation and heterosis

would be expressed within the winter/spring hybrids because of the

diversity that theoretically exists between the winter and spring germ-

plasms. This had not been tested previously, and it was conceivable that

the winter/winter hybrids could perform as well or better than the winter/

spring hybrids. It is conceivable that the basic genetic differences

between the winter and spring barley groups may be as small as the esti-

mated three or four genes involved in the cold requirement of winter

cultivars. Thus, these germplasms may not be as diverse as believed. It

should be noted that no conclusions on the comparison of the diversity

within winter/winter versus winter/spring hybrids can be made unless the

cultivars under investigation are a random sample of all winter and

spring cultivars. The cultivars utilized in this experiment were select-

ed from those used in the barley breeding program at Oregon State Univer-

sity. The conclusions reached must be limited to the population under
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investigation, but insight may be obtained as to the nature of the diver-

sity of the winter and spring germplasms.

This study was planted in the fall of 1978 at Hyslop farm, Corvallis,

Oregon. In January of 1979, the temperature dropped to a low of -13° C.

during a period of one week. As a result of these freezing conditions,

approximately 60% of the plant materials were lost. Essentially all of

the spring habit material and a portion of the winter material died be-

cause of cold injury.

This amounted to a major setback. To repeat the experiment would

require waiting until the next fall, and an entire season would have

been lost. The seed supplies remaining from the fall planting were

evaluated and it was decided that sufficient seed existed to conduct

another experiment if only two winter and two spring cultivars were

utilized. The second experiment emphasized the comparison of winter/

spring hybrids to the spring/spring hybrid since this experiment was

planted in March, 1979. The winter/winter hybrid was included in the

second experiment since the planting occurred early enough in the spring

to permit sufficient cold treatment for the vernalization of the winter

parents.

The objectives of this experiment were to compare the expression of

heterosis and estimate the parents' general and specific combining

abilities among these crosses. Combining ability analysis allows the

partioning of the genetic effects into additive and non-additive compo-

nents. This provides information concerning the likelihood of success

in selection for the various traits and the role of non-additive genetic

interactions in the expression of heterosis.
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The experiment was planted at Redmond, Oregon with four replica-

tions. The low natural rainfall in this area required the application

of supplemental water by sprinkler irrigation. Experiment station per-

sonnel management problems resulted in improper use of irrigation equip-

ment and subsequently a major portion of two replications of the experi-

ment was damaged by the placement and movement of irrigation pipe. Due

to the loss of these two replications, and the subsequent reduction in

degrees of freedom for the error term of the analysis of variance, the

combining ability analyses would be difficult to interpret. In spite of

the aforementioned difficulties, it was still possible to compare the

expression of heterosis among the selected crosses.

There was specific interest in the amount of heterosis generated be-

tween the winter/spring hybrids and also how much additional heterosis

they expressed over the winter/winter or spring/spring hybrids. The

objective of this thesis was to estimate and compare the expression of het-

erosis in winter/winter, winter/spring, and spring/spring crosses of

barley. The winter parents 'Hudson' and 'Ager' were included in the

study because of their characteristics of higher tiller number and kernel

number. The spring parents 'M21' and 'Karl' were selected for their

expression of high kernel weight. If sufficient diversity existed between

these parents, increased genetic variability by hybridizing between them

would generate possible genetic recombinants or a heterotic expression

among their offspring. Harrabi (1978) showed a substantial expression

of heterosis for yield in winter/spring crosses involving these parents,

though no comparison to the winter/winter or spring/spring hybrids was

made.
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LITERATURE REVIEW

The term heterosis was coined by Shull in 1914 to provide a con-

venient term in Place of phrases such as 'the stimulus of heterozygosis.'

Hayes et al (1955) defined it as "the phenomenon in which the cross of

two stocks produced hybrids that show increased vigor." Interest in

this phenomenon is immense, and experiments were conducted to study

this effect as early as 1763 (Hayes 1952). Scientists in many disci-

plines have studied heterosis in an attempt to understand its expression

and, hopefully, make some utilization of it for man's benefit. Several

excellent reviews on the heterosis concept and associated genetic prin-

ciples are available (Gowen 1952, Janossy and Lupton 1976). Konarev

(1976) presents some new ideas and recent findings in his review on the

biochemical and physiological aspects of heterosis in plants.

Usually the idea of heterosis has been associated with the increased

vigor and yield expression obtained when crossing inbred lines of cross-

pollinating-species such as maize, or sorghum. Recently, the possibility

of producing F1 hybrids in self-pollinated crops on a commercial scale

has stimulated interest in heterosis in these species.

Hayes and Foster (1976) in their review of heterosis in self-

pollinating crops cite three general genetic principles governing the

expression of heterosis. These are:

1. The accumulated action of favorable dominant genes

dispersed among the two parents, i.e. dominance.

2. Complementary interaction of additive, dominant or

recessive genes at different loci, i.e. nonallelic
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interaction or epistasis.

3. Favorable interaction between two alleles at the same

locus, i.e. intra locus, or inter-allelic interaction,

called over-dominance.

Allard (1960) points out that the theories are not mutually exclusive,

nor do they exhaust all of the possibilities and are probably gross

over simplifications of the actual situation. There are basically two

questions that breeders of self-pollinated crops must face. Is the

heterosis being expressed fixable in conventional breeding lines and

is there sufficient expression to make feasible commercial utilization

of F
1

hybrids?

If the expression of heterosis in self-pollinated crops is governed

largely by the first or third genetic principle stated above (dominance

or over-dominance), then its use may be generally confined to hybrid

breeding programs. But if a sufficient amount of the heterosis expressed

is the result of epistatic effects that behave in an additive manner,

then this can be taken advantage of in conventional breeding programs.

Hutchinson et al (1938) found unexpected heterosis in F1 hybrids from

several cotton crosses. The results could not be explained on the basis

of dominance effects alone, so the possibility that epistatic factors

contributed to heterosis was presented. More recently, Grafius (1959)

presented evidence that the heterotic effect found in F
1
barley yield

was due to complementary and epistatic interaction of yield component

factors.

An additional problem is that the amount of heterosis expressed

must be economically significant. Fonseca and Patterson (1968) coined
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the term heterobeltiosis to describe the heterotic effect in the hybrid

progeny when it is compared to the higher parent, rather than to the

mid-parent mean in heterosis. Heterobeltiosis is a valuable concept to

plant breeders as it allows a more practical evaluation of the heterosis.

Novel techniques may make heterosis more accessible to plant breed-

ing programs. Kasha et al (1977) presented data showing that the yields

of doubled haploid lines from five F1 hybrids matched the levels of

heterosis in the hybrids. This suggested that fixation of genes in-

volved in heterosis may be possible in barley.

Working with a space-planted study, Upadhyaya and Rasmusson (1967)

determined that 28 hybrids had a mean expression of 9.1% heterobeltiosis.

Several of these crosses demonstrated significant heterobeltiosis over

two years. Manzyuk and Richenko (1977) reported finding significant

heterobeltiosis for 63%, 31%, and 17% of the crosses for the traits

1000 grain weight, grains per ear, and tillers per plant, respectively.

They also reported a marked reduction of heterosis in the F2 generation

for these traits. Abo-El-Enein (1977) reported heterobeltiosis expres7

sion up to 36% in grain yield for a five-parent diallel study. Signifi-

cant heterosis was observed for yield, yield components, and plant

height in the F1 hybrids. Nettevic and Sergeev (1969) described their

results from 56 different combinations of spring barley and found ex-

pression of heterobeltiosis ranging from -48% to +41%.

Hayes (1968) reviewed the literature on F1 hybrid data and con-

cluded that heterosis had occurred in specific combinations of barley,

but most of this had been expressed at low seeding densities. The

higher yields were associated with increased tillering in the hybrids,



9

a component of yield that would have less of an effect in a cropping

situation than in spaced-plant experiments.

Crook and Poehlman (1971) investigated the hybrid performance of

seven crosses among six-row winter barley. They found evidence of

heterobeltiosis for kernel weight and percent plump kernels. They also

reported heterosis expressed in grain yield and yield components. Fejer

and Fedak (1978) studying heterosis expression in six-row spring barley

where the F
1

hybrids were spaced planted and the F
2

progeny were solid

seeded, found 48% heterosis in the F1, but this declined to 11% in the

F2. Nettevich (1968) in a study of 48 spring wheat F1 hybrids found

heterobeltiosis expressed up to 45% with a mean of 18%, and that this

expression was determined chiefly by specific combining ability. He

concluded that the sharpest rise in F1 yield is produced by crossing

high yielding varieties most divergent in origin and agronomic characters.

Several authors reported varying levels of heterosis, in some cases

among crosses and in others only for certain traits. Goratev (1973) in

a study of 37 hybrids, found that 15 produced heterosis for plant height

in the range of 2 to 7% while the other 22 showed a substantial hetero-

beltiosis of 3 to 45% for tiller number. Johnson and Whittington (1978)

reported only slight heterotic expression among winter barley F1 hybrids

for plant height and grain yield. The greatest expression of 32.4%

heterosis was found in grain weight; however, this was not the highest

yielding hybrid. Bohac et al (1978) in summarizing his work, found

little expression of heterosis in the F1 of five crosses of barley. In

most characters and combinations F
1
values did not differ greatly from

the mid-parent, and in some cases a significant degree of depression was
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observed. Heterobeltiosis for grain yield was expressed in only two

crosses, in the amounts of 8% and 17%. Nasr and Khayrallah (1976) also

reported little expression of heterosis in hybrids from ten crosses of

six-rowed barley. Of these ten crosses only two produced significant

heterosis for grain yield.

As expected, some investigators have failed to note any heterosis

in the crosses they were investigating. Akerman and Mac Key (1949) in

an early work in winter x spring wheat crosses reported poor results in

F
1
hybrids due to high sterility. McNeal et al (1965) investigated the

expression of heterosis in three spring wheat F1 hybrids. They found

little expression of heterosis and attributed this to the close related-

ness of the parents. Hagberg (1953) in comparing 17 combinations of

barley found that the F1 generally resembled the mid-parent in most

crosses, No significant heterosis was reported. Carleton and Foote

(1968) could not find any evidence of heterosis in 12 two x six-row

barley hybrids. The negative relationship between kernel number and

kernel weight was cited as a possible explanation. Yap and Harvey (1971)

did not find expression of heterosis in barley F1 hybrids from six

crosses in spaced or solid seeded conditions.

Breeders of self-pollinated cereals find themselves in a situation

where they are almost forced to evaluate hybrids for heterosis in

conditions which are not representative of normal agricultural practices.

Experiments are often conducted under lower plant densities and ferti-

lizer rates may not reach production levels. The problem of genotype x

environment interaction becomes important. Garkavyj and Baselhanova

(1967) found an average of 25% heterosis in 17 F1 hybrids under high
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nitrogen conditions and only 4% under normal rates. The F2 on an

average showed 8% increased vigor under high fertility conditions and

no heterosis under normal conditions. Seeding density also affects the

heterotic expression as reported by Sharma et al (1975). They found that

the 11 F
1
hybrids studied averaged 7% and 24% heterobeltiosis for grain

yield with 2.5, and 5.0 cm within row spacings. This was in agreement

with Severson and Rasmusson (1968) in contrast to the results of Yap and

Harvey (1971) who could find no such effect. Work by Sage (1973) showed

the effect of F
1

seed size on heterosis. Seed from each of nine F
1

hybrids was classes as to large, medium or small size seed. Heterosis

expression was 8.7%, 3.3%, and -2.5%, respectively. This is an impor-

tant consideration because removal of the awn and portions of the lemma

and palea in hand hybridizations usually results in smaller seed when

compared to the parents.

Many experiments are conducted in a single year and at one location.

Walton (1971) points out the importance of the environmental conditions

as influenced by years on the expression of heterosis in wheat. In one

year, crosses averaged 18.25% heterobeltiosis while in the next year the

same crosses averaged -2.5%. The author concluded that genetic diversity

alone will not allow the expression of heterosis if the environment is

not suitable. Sharma et al (1978) supported these findings by repeating

a previous experiment (Sharma et al 1975). They found a significant

reduction in the expression of heterobeltiosis in the F1 hybrids due to

the effect of years. Hayes (1976) states that the highest expressions of

heterosis are products of specific genotype x environment interactions in

addition to the usual experimental error. Thus results from experiments
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conducted over several years in different locations should be given the

greatest weight.

In addition to the evidence that heterosis may exist in spring and

winter types of barley, there is information suggesting that substantial

heterosis may be obtained by crossing the winter and the spring types

together. The winter x spring concept is not a new idea.

Spillman (1909) describes how he utilized spring wheat to improve

winter wheat in the Pacific Northwest. Akerman and Mac Key (1949) sug-

gested utilizing winter wheat to improve spring wheat yields in Sweden.

Plant breeders usually attempted such crosses only when the characteris-

tic or attribute with which the breeder was working was unobtainable

within the particular type. A new idea was proposed by Rupert (Mani and

ao 1975) by which these two elite, but almost isolated germplasm pools

be systematically crossed for the improvement of the spring types.

CIMMYT has utilized this concept to produce several spring wheat culti-

vars. Kronstad and McCuistion (1978) are promoting a program at Oregon

State University to utilize winter x spring crosses for the improvement

of winter wheat germplasm in lesser developed countries. These works

have generated interest in the expression of heterosis in winter x spring

types crosses of wheat and barley.

Because previous work suggested that heterosis occurred between

parents of greatest diversity, Grant and McKenzie (1970) studied the ex-

pression of heterosis for yield in three crosses of winter x spring wheat

varieties in a densely seeded experiment. They found an average of 26%

heterobeltiosis for the hybrids.
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Fedak and Fejer (1975) investigated heterobeltiosis in 23 winter x

spring barley hybrids under both space and solid seeded conditions. They

found no heterosis under the densely seeded experiment, but did find an

expression of heterobeltiosis up to 100% in the space planted situation.

In a subsequent work, Fejer and Fedak (1975) determined that this hetero-

beltiosis was due to the expression of higher tiller number in the winter

x spring hybrids. Mani and Rao (1975) reported finding heterobeltiosis

expressed up to 54% in 55 winter x spring wheat crosses. Harrabi (1978)

found that the significant heterosis in winter x spring barley hybrids

was due to increases in tillers per plant and kernels per spike. Spunar

(1978) evaluated 12 F
1

hybrids from crosses between six-row winter and

two-row spring varieties. For specific crosses he found heterobeltiosis

for yield expressed up to 87% with an average of 33% for all hybrids. In

contrast to these results, Joshi and Tandon (1977) found that out of 24

winter x spring crosses, only six produced yields slightly superior to

the high parent.

There seems to be sufficient evidence for the expression of hetero-

sis in barley and wheat. This expression has been found to be greatly

influenced by the environment in which the hybrids are grown. As plant

breeders investigated the use of winter type cereals for the improvement

of spring types, a substantial amount of heterosis was observed within

these crosses. It has been proposed that this heterosis was a result of

the diversity of the parents used in the crosses. This heterosis is of

interest to plant breeders because of possible utilization in hybrid, and

conventional breeding programs or by novel breeding techniques.



13a

MANUSCRIPT

in form required
for publication by

Crop Science



14

Estimates of Heterosis in Winter/Winter, Winter/Spring, and Spring/

Spring Crosses of Barley.
1

S. R. Oakley and W. L. McCuistion2

ABSTRACT

Previous work indicated a substantial heterotic expression for grain

yield existed within winter/spring hybrids of barley. This research was

a continuation for the comparison of the expression of heterosis within

winter/spring hybrids to the heterotic effect produced among the winter

and among the spring parents.

The F
1

and F
2
progenies of one winter/winter, four winter/spring,

and one spring/spring crosses involving two winter parents, 'Hudson',

and 'Ager' and two spring parents, 'M21', and 'Karl' were studied.

The experiment was a randomized-block design with two replications.

Additional index words: Hordeum vulgare L., heterosis, inbreeding de-

pression, winter/spring crosses, environmental influence.
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Former graduate student, Associate Professor, Crop Science Department,

Oregon State University, Corvallis, Oregon 97331.
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Comparisons between the crosses were made by way of orthogonal con-

trasts. A very early spring planting data allowed sufficient cold

exposure for vernalization of the winter habit material. Estimates of

heterosis, heterobeltiosis, and inbreeding depression were obtained for

the traits number of tillers per plant, 1000 kernel weight, number of

kernels per spike, grain yield per plant, and plant height.

Significant heterobeltiosis was detected for grain yield in only

the F
1
winter/winter hybrid 'Hudson/Ager'. A significant negative

heterosis for grain yield was expressed by the F1 winter/spring hybrid

'Hudson/M21'. The winter/winter F1 hybrid 'Hudson/Ager' was the only

hybrid that expressed significant heterosis for plant height and tiller

number, and was the only hybrid that did not express significant hetero-

sis for kernel weight. Inbreeding depression in the F2 occurred in

most cases, but significantly in only three winter/spring crosses for

the trait kernel weight.

These results indicate that the winter/winter F1 hybrid's expression

of heterosis for grain yield was probably due to the contribution of the

tillering component of grain yield. The failure of kernel weight in the

winter/spring hybrids to have a heterotic effect on grain yield may have

been prevented by yield component interaction. These results are not in

agreement with data obtained from these hybrids in a previous year at

another location, and suggest that the diversity between these winter

and spring parents may not be sufficient to produce a heterotic expression

across environments.
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INTRODUCTION

In the past, the phenomenon of heterosis was most often associated

with the increased vigor and yield expression obtained when hybridizing

inbred lines of cross-pollinated species. However, the ability to pro-

duce F
1

hybrids on a commercial scale in self-pollinated cereals, such

as barley, stimulated the interest in the heterotic expression of these

species.

Researchers have provided sufficient evidence as to the existence

of heterosis in barley (Upadhyaya and Rasmusson 1967; Crook and Poehlman

1971; Fejer and Fedak 1978), though the expression of heterosis is great-

ly influenced by the environment in which the hybrids are grown (Sharma

et al 1975; Farkavyj and Baselhanova 1967; Walton 1971) and by the choice

of parents involved in making the hybridization. As a result, the ex-

pression is not consistent as some workers have noted little or no signi-

ficant heterosis in the crosses they were investigating (Yap and Harvey

1971; Nasr and Khayrallah 1976; Johnson and Whittington 1978).

As plant breeders investigated the use of genetic characters from

winter cereals for the improvement of spring cereal germplasm, a substan-

tial amount of heterosis was observed in the winter/spring hybrids. These

results in addition to the proposal that the heterotic expression of a

hybrid is dependent upon the genetic diversity of its parents (McNeal

et al 1965: Grant and McKenzie 1970) have led scientists to investigate

the expression of heterosis in winter/spring hybrids. Harrabi (1978)

studied the expression of heterosis in twelve winter/spring F1 barley
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hybrids and found a significant amount of heterobeltiosis for yield.

The expression of heterosis within winter/spring hybrids is important,

but of greater interest is how much more heterosis is expressed within

the winter/spring hybrids over hybrids among the winter or the spring

parents.

In this experiment the expression of heterosis in four winter/

spring barley crosses is compared to the heterotic expression between

the two winter parents, and the two spring parents.
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MATERIALS AND METHODS

Four diverse cultivars of six-rowed barley, two winter and two

spring types were used in this study. The winter cultivars were: 1.

'Hudson' this Parent was developed from the cross 'Michigan Winter/

Wong'; 2. 'Ager' originates from the cross 'Wordia/Kenya/Weihenstephen

L 259-711'. The spring cultivars consisted of: 1. 'M21' Minnesota

line 21 comes from the cross 'Jontun/Kindred//Vantage/3/Trophy/4/Dickson/

5/M 60-105'; 2. 'Karl' this cultivar is a composite of seven reselec-

tions of 'G3AB297' from 'Traill//Good Delta/Everest/3/Traill'.

The six F
1
hybrids produced, by using the winter parents as females

when possible, were as follows: 'Hudson/Ager' (w/w), 'Hudson/M21' (w/s),

'Hudson/Karl' (w/s), 'Ager/M21' (w/s), 'Ager/Karl' (w/s), '1121/Karl'

(s/s). The seed obtained from these crosses was planted and F1 plants

were allowed to self-pollinate and produce the F2 generation.

The experiment was conducted at the Central Oregon Experiment

Station at Redmond, Oregon on a site which has a Deschutes sandy loam

soil. Supplemental water was added with sprinkler irrigation, and good

soil fertility and weed control conditions were maintained. The experi-

ment was planted in March, 1979 to allow the genotypes with winter growth

habit sufficient cold treatment to vernalize. Harvest was completed in

late August.

A randomized-block design with two replications was utilized in this

experiment. A replication included each of the six crosses grown as a

'family' group. These individual groups consisted of 13 rows containing

ten plants spaced at 30 cm within and between rows. The 13 rows
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in each group were comprised of one row of each parent, one F1 row, and

ten F
2

generation rows. Missing plants were replaced with two-row barley,

which were not included in the analysis. A border of two-row barley was

planted around the entire experiment.

The characters under study were the number of seed bearing tillers,

kernel number (the average number of kernels per head taken from five

randomly selected tillers), 1000 kernel weight (calculated by: [total

weight of the five random heads in grams ; kernel number ] X 1000), grain

yield (the total grain yield in grams), and plant height (soil surface to

the tip of highest spike excluding the awn in cm). Measurements were made

on a per-plant basis and averaged for each row.

Analysis of variance for the parents, Fls, and F2s was performed

separately for each of the preceding traits, and comparisons were made

between the winter/winter, winter/spring, and spring/spring crosses by

orthogonal contrasts. Means for crosses and parents were compared by

Duncan's New Multiple Range Test (DNMRT). Estimates of heterosis,

heterobeltiosis, and inbreeding depression were obtained.
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RESULTS

Analysis of variance (Table 1) showed that the parents differed

for the traits kernel weight and plant height. 'Hudson' was shown to be

the parent lowest in kernel weight with no detectable differences among

the other parent means by DNMRT as shown in Table 2. For plant height,

'Hudson' was the tallest parent, 'M21' the shortest, and no further

differences were observed among the other parent means.

Significant differences were found by analysis of variance for all

the traits under study in both the F1 and the F2 generations (Tables 3

and 4, respectively). The performance of the parents, crosses and the

observed heterosis for each trait in the F
1

and F
2
generations are

shown in Tables 2 and 5, respectively. Using the DNMRT, differences

were found among the F1 hybrid means for all traits; however in the F2

generation, differences among means were found only for the trait kernel

weight.

Tiller number

In both the F
1

and F
2
generations, the analysis of variance (Table

6) showed that the winter/winter cross differed significantly from the

winter/spring and the spring/spring crosses. Among the winter/spring F1

crosses (Table 3), those that included the winter parent 'Ager' produced

a significantly higher number of tillers than those with 'Hudson', while

in the F
2
winter/spring crosses (Table 4), the spring parent 'M21'

produced significantly greater tillering offspring than 'Karl'.

The mean tiller number for the cross 'Hudson/Ager' was shown to be

significantly higher than the other means in the F1 generation except



21

for the cross 'Ager/M211, and produced the only significant expression

of heterosis for this trait (Table 5A).

Kernel weight

In the F1 generation, the winter/spring crosses 'Ager/M21' and

'Ager/Karl' were found to have the highest mean kernel weight, and in

the F
2

'Ager/Karl' was also one of the highest (Table 5B). In both the

F
1

and F
2
generations, 'Hudson /Ager' had the lowest mean kernel weight.

A significant inbreeding depression occurred in three of the winter/

spring crosses.

The comparison of the combined winter/winter and spring/spring

crosses to the winter/spring crosses (Table 3) showed a significant

difference as exemplified by the significant heterosis in the F1 winter/

spring crosses (Table 5B). The winter/winter cross was found to be

significantly lower in kernel weight than the winter/spring and the

spring/spring crosses in both generations (Table 6).

A significant difference among the winter parents and among the

spring parents in their contribution to the winter/spring crosses was

observed in both generations (Tables 3 and 4). Crosses involving the

parent 'Ager' had higher kernel weight than those having 'Hudson' as

a winter parent, and those utilizing 'Karl' were higher than those

with the spring parent 'M21'.

Kernel number

The F1 mean of the cross 'Hudson/Ager' had the highest expression

of kernel number, though this was not significantly higher than the

spring/spring cross 'M21/Karl' based on DNMRT (Table 5C). Most of the
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winter/spring cross means were average in expression, except for 'Ager/

M21' which produced the lowest expression in kernel number. A signifi-

cant negative heterotic expression was observed in the F1 winter/spring

crosses.

In the F
1

and F
2
generations, the winter/winter and spring/spring

crosses were both determined to be significantly higher in kernel number

than were the winter/spring crosses (Table 6), though no significant

difference could be detected between the winter/winter and spring/spring

hybrids (Tables 3 and 4).

In the F
1
winter/spring crosses a difference between the spring

parents was noted (Table 3). 'Karl' prduced progeny significantly

higher in kernel number than the spring parent 'M21', while in the F2

generation (Table 4) the winter parent 'Hudson' expressed a significant

difference over 'Ager'.

Grain yield

The cross 'Hudson/Ager' had the highest mean grain yield and the

only significant positive expression of heterosis in the Fl, though the

mean was not appreciably greater than 'Ager/Karl' or 'M21/Karl' based

on the DNMRT (Table 5D). The lowest mean grain yield was observed for

'Hudson/M21' which also exhibited a significant negative heterotic effect.

A highly significant expression of grain yield was noted for the

winter/winter cross over the winter/spring crosses in both generations

(Table 6). No significant difference could be detected between the

winter/winter and the spring/spring crosses in the Fl, but there was an

observed difference between these hybrids in the F2 generation (Tables 3

and 4). The spring parent 'Karl' produced significantly higher yielding
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progeny than did 'M21' in the F
2
generation (Table 5D).

Plant height

The comparison of plant height means showed 'Hudson/Ager' to have

the tallest F
1

followed by 'Hudson/Karl' and crosses involving 'M21'

proved to be shortest in height (Table 5D). The only significant

expression of heterosis was for the cross 'Hudson/Ager'.

There was a significant difference between the winter/winter and

the winter/spring hybrids in the F1 and F2 generations for plant height

(Table 6). A significant difference was also noted between the winter/

winter and spring/spring hybrids in both F1 and F2 generations (Tables

3 and 4). Among the winter/spring crosses, again in the F2 (Table 4),

a significant difference was observed between the winter parents, that

is, 'Hudson' produced taller progeny than did 'Ager.'
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Table 1. Observed mean squares for tiller number, kernel weight,
kernel number, grain yield, and plant height for the four

parents.

Source df

Mean squares

Tiller
number

Kernel

weight
Kernel

number
Grain
yield

Plant
height

Replication 1

Parents 3

Rep x parents 3

Residual 16

5.82

20.28

2.66

11.40/

0.37

90.00**

1.56

1.47

18.07

4.49

12.58

37.20

53.37

9.35

49.98

0.01

384.77**

2.42

13.03

C.V. 8.29 2.69 3.51 6.76 1.89

** significant at the .01 probability level

1/ The residual component was noted to be consistantly larger than the
rep x parents component (error term) for all characters measured.
This observation was assumed to be caused by variation at the experi-
ment site, and possibly the type of experimental design used.
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Table 2. Comparison of the performance of the four parents for tiller
number, kernel weight, kernel number, grain yield, and plant
height.

Parent

Means

Tiller
number

21.7 1Hudson

Ager 20.7

M21 18.1

Karl 18.2

S- 1.2

Kernel

weight
(gm)

Kernel
number

Grain
yield
(gm/pit)

Plant
height
(cm)

b
41.0

47.7a

a
47.4

50.0
a

0.9

59.4

61.6

58.6

62.2

1.5

44.9

46.8

41.1

47.9

2.2

90.8a

83.9
b

71.5c

83.1
b

1.1

1/means without a letter, or with a letter in common are not significant-_
ly different based on Duncan's New-Multiple Range Test at .05 probabili-
ty level



Table 3. Observed mean squares for tiller number, kernel weight, kernel number, grain yield, and
plant height for six F

1

crosses.

Source df

Mean squares

Tiller
number

Kernel
weight

Kernel
number

Grain
yield

Plant
height

Replication 1 9.76 1.22 9.70 7.40 0.19

Crosses 5 22.11* 41.03** 139.83** 212.40* 110.78*

WxW vs SxS 1 48.41* 36.66** 34.63 121.44 365.00**

(WxW + SxS) vs WxS 1 26.86* 92.55** 450.67** 615.70** 67.54

Among WxS 3 11.73 25.32** 71.27* 108.28 40.46

Among winters 1 28.69* 63.00** 19.59 70.69 80.01

Among springs 1 1.95 12.68* 187.79** 219.03* 41.31

WxS 1 4.55 0.27 6.44 35.11 0.06

Error (RxC) 5 3.95 1.08 9.25 31.60 12.41

C. V. 9.66 1.98 5.84 12.20 4.11

*, ** significant at the .05, .01 levels, respectively



Table 4. Observed mean squares for tiller number, kernel weight, kernel number, grain yield and
plant height for six F

2
crosses.

Source df

Mean squares

Tiller
number

Kernel
weight

Kernel
number

Grain
yield

Plant
height

Replication 1 37.32 16.16 214.24* 389.88* 1.58

Crosses 5 151.91* 203.47** 169.68* 257.93* 995.62**

WxW vs SxS 1 448.63** 488.67** 4.13 814.06** 2413.98**

(WxW + SxS) vs WxS 1 131.04* 145.10** 455.40** 374.18* 484.93*

Among WxS 3 59.96 127.99** 129.61* 33.81 693.96*

Among winters 1 0.33 298.96** 252.62* 3.71 1790.87**

Among springs 1 176.06* 80.26* 128.83 97.57 221.28

WxS 1 3.49 4.34 7.39 0.14 67.03

Rep x crosses 5 16.34 6.16 20.48 43.78 72.60

Residual 108 22.65 9.77 54.58 168.41 45.69

C.V. 20.90 5.12 7.91 14.89 10.32

*,** significant at the .05, .01 levels, respectively



Table 5. Expression of heterosis, heterobeltiosis and performance of Fl, and F progenies for
tiller number, kernel weight, kernel number, grain yield, and plant height.

FF
1

F2

Cross Trait Heterosis 2/ Hetero- Trait Heterosis Hetero- Inbreeding
beltiosis 3/ beltiosis depression 4/

A. Tiller Tiller
number number

Hudson/Ager 26.2a-1-1 23.2* 20.4 24.2
1/

13.8 11.2 7.6

Hudson/M21 17.4
b

-12.8 -20.1 19.9 0.2 -8.3 -14.4

Hudson/Karl 17.9
b

-10.5 -17.8 17.4 -12.9 -20.0 2.8
ab

Ager/M21 22.7 16.8 9.3 20.2 4.3 2.4 11.0
b

Ager/Karl 20.2 3.6 -2.8 16.8 -13.5 -18.8 16.8
b

M21/Karl 19.2 5.9 5.5 17.5 03.7 -3.9 8.8

S7( 1.4 2.9

B.
Kernel Kernel
weight (gm) weight (gm)

d
Hudson/Ager 45.6 2.8 -4.4 43.4

b
-2.1 -8.9 4.8

ab
Hudson/M21 50.2c 13.7** 5.4 46.6 5.4 -1.2 7.2

b
48.1

ab
Hudson/Karl 53.1 16.8** 6.3 5.7 -3.8 9.4*

ab
Ager/M21 56.2a 18.3** 17.9** 49.9 5.1 4.8 11.2*

Ager/Karl 58.4a 19.5** 16.7** 52.4a 7.3 4.8 10.3*
bc

M21/Karl 51.6 6.1* 3.3 50.4a 3.6 0.8 2.3

S-
x

0.7



Table 5. (continued)

Cross

F1 FF2

Heterosis Hetero-
beltiosis

Heterosis Hetero-
beltiosis

Inbreeding
depression

C.
Kernel

number
Kernel

number

Hudson/Ager

Hudson/M21

Hudson/Karl

Ager/M21

Ager/Karl

M21/Karl

S-

63.5a 5.1

43.4
cd

-26.4**
b

54.9 -9.7
d

42.1 -29.9**

51.0
bc

-17.6*
ab

57.7 -4.5

2.1

0.3

-26.9**

-11.7*

-31.6**

-18.0*

-7.3

59.7

56.0

59.2

53.1

55.0

60.3

3.2

-1.4

-4.9

-2.7

-11.6

-11.1

-0.2

-3.1

-5.6

-4.8

-13.7

-11.5

-3.1

6.0

-29.8*

-7.8

-26.1*

-7.8

-4.5

D.
Grain
yield (gm/pit)

Grain
yield (gm/pit)

Hudson/Ager

Hudson/M21

Hudson/Karl

Ager/M21

Ager/Karl

M21/Karl

S-
x

61.7a 34.6*

30.7c -28.6*
bc

45.4 -2.3
bc

40.8 -7.1

ab
47.1 -0.5

ab
50.7 13.8

3.9

31.9*

-31.6*

-5.4

-12.7

-1.7

5.7

51.5

44.0

41.9

44.6

42.3

42.4

4.7

12.2

2.35

-9.7

1.4

-10.8

-4.7

10.0

-1.98

-12.6

-4.7

-11.9

-11.4

16.5

-43.3**

7.71

-9.3

10.19

16.4



Table 5. (continued)

Cross

F
1

FF2

Heterosis Hetero-
beltiosis

Heterosis Hetero-
beltiosis

Inbreeding
depression

E
Plant
height (cm)

Plant
height (cm)

Hudson/Ager

Hudson/M21

Hudson/Karl

Ager/M21

Ager/Karl

M21/Karl

S-

98.6a
bc

85.0
ab

89.4

78.5c
bc

83.2

79.5c

2.5

12.8*

4.7

2.8

1.0

-0.3

2.85

8.6*

-6.4

-1.6

-6.5

-0.9

-4.3

93.2

83.3

88.4

75.6

77.2

77.6

6.0

6.6

2.6

1.7

-2.7

-7.6

0.43

2.4

-8.3

-2.6

-9.9

-8.1

-7.2

5.5

2.0

1.1

3.7

7.2

2.4

*,** significant at the .05, .01 levels, respectively
1/ means without or with a common letter in superscript are not significantly different based on DNMRT at

the .05 level

2/ heterosis is defined as (F1-MP/MP) X 100 expressed as a percentage, where MP= mid-parent mean
3/ heterobeltiosis is defined as (F1- HP /HP) X 100 expressed as a percentage, where HP = high parent mean
f/ inbreeding depression is defined as (F1-F2/F1) X 100 expressed as a percentage



Table 6. Non-orthogonal contrasts of wxw, and sxs vs wxs for tiller number, kernel weight, kernel
number, grain yield and plant height.

Source df

Mean squares

Tiller
number

Kernel
weight

Kernel
number

Grain
yield

Plant
height

F
1

1464 vs WxS 1 70.89** 127.27** 406.66** 685.92** 340.36**

SKS vs WxS 1 0.15 13.12* 166.85** 150.00 32.69

Error (RxC) 5 3.95 1.08 9.25 31.60 12.41

F2 WxW vs WxS 1 495.64** 470.39** 232.38* 1090.88** 2316.64**

SxS vs WxS 1 20.51 2465.17** 317.41* 9.37 196.00

Error (RxC) 5 16.34 6.16 20.48 43.78 72.60

*,** significant at the .05, .01 levels, respectively
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DISCUSSION

It is difficult to compare the progenies of winter/spring crosses

with the parents without bias toward one of the respective parental

types. Allowances were made in order to minimize the effect of the

spring planting date, though early enough to allow vernalization, the

winter types may have been disadvantaged. In light of this, the super-

iority of the winter/winter crosses was unexpected.

The winter/winter cross 'Hudson/Ager' was the only F1 hybrid that

exhibited significant positive heterosis for grain yield among the six

crosses (see Table 5D). Tiller number may be responsible for this

effect because 'Hudson/Ager' also demonstrated the only significant

expression of hybrid vigor for this trait. The spring/spring hybrid

'M21/Karl' performed better than the winter/spring hybrids in most

traits. Though the winter/winter F1 'Hudson/Ager' did express signifi-

cant heterosis for yield (see Table 5D), it was not significantly differ-

ent from the spring/spring F1 'M21 /Karl' (see Table 3).

All crosses, excluding 'Hudson/Ager', exhibited significant

heterosis in the F
1
for kernel weight, though only two crosses exceeded

their high parents (see Table 5B). In the F2, this trait also showed

the most inbreeding depression, which is usually associated with

higher expressions of hybrid vigor. The winter/spring crosses showed

a significant negative heterotic effect for kernal number (see Table 5C).

Bohac and Toth (1978) reported a similar effect. Harrabi (1978) utilized

the same material investigated in this experiment and also found a

slight reduction in kernel number even though the hybrids expressed an
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average of 47% heterobeltiosis for yield. He found that the hetero-

beltiosis in yield was due to the higher tillering expression in the

F
1

hybrids. This expression may have been a result of his planting the

material in the fall rather than in spring as was done in this experi-

ment.

The data reported by Harrabi (1978) showed that the potential for

heterosis exists in these crosses, at least in some years at some loca-

tions. Even if genetic diversity exists, heterosis may not occur if the

environment is not suitable for its expression. The low kernel number

expression in the winter/spring F1s could have resulted from a genotype x

environment interaction. A yield compensation effect between kernel

weight and kernel number, as found by Carleton and Foote (1968), may have

prevented any expression of heterosis in yield in the winter/spring

crosses. Harrabi (1978) also reported a negative relationship between

kernel weight and kernel number.

Commercial utilization of F
1

hybrids in barley can be successful

if at least a 25% yield advantage is realized over the best available

inbred varieties (Johnson and Whittington 1978). Thus far, most F1

hybrids have shown a large amount of environmental influence and yield

potential has been difficult to assess because of too few reports of

heterobeltiosis in densely seeded conditions. Under spaced planting

experiments heterobeltiosis is often noted in the tillering component

of yield. This could be important if this effect is not lost under

more densely seeded situations. Heterotic expression in the other

components of yield may also produce hybrid vigor in total grain yield

if that expression is not masked by the compensation phenomenon.
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A significant expression of heterosis, and in some cases hetero-

beltiosis, was anticipated from the winter/spring crosses, however, it

was difficult to predict how the crosses among the winter parents and

the spring parents would compare. The observation that the winter/

spring hybrids did not perform as well as the winter/winter or spring/

spring hybrids in this study leads one to question how these crosses

might have performed if they had been grown in the same environment as

Harrabi's study. It may be well to be more cautious in assessing the

potential heterotic response between winter and spring genotypes, due

to substantial influence of the environment on this heterotic expres-

sion.
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SUMMARY

Plant breeders have been able to utilize that portion of the genetic

variation expressed in barley that behaves in an additive fashion by

conventional breeding methods. In order to take advantage of the non-

additive genetic variability, different breeding techniques have been

devised. The development of genetic systems for commercial production

of F
1

hybrid barley seed has produced a concomitant increase in interest

of the heterotic expression of barley hybrids. This heterotic expression

is due to the diversity of the parents involved in producing the hybrids.

Hybrid varieties in conjunction with traditional 'pure line' cultivars

allow the possible utilization of the total genetic variance. If diver-

sity within the barley germplasm cannot be increased or maintained, pro-

blems may exist for the development of higher yielding varieties.

A system to exploit winter germplasm for the improvement of spring

material (or vice versa) offered a potential resource for increasing the

genetic variation within the cereal crops. It was thought that suffici-

ent genetic diversity existed between these two groups to warrant the

investigation of increased genetic variability within the winter/spring

hybrids.

The basic ideas and plant materials for this thesis developed from

a previous study performed by Moncef Harrabi as partial fulfillment of

an MS degree. The large amount of heterosis expressed in Harrabi!s

winter/spring barley hybrids indicated the need for continued investiga-

tion. A question to answer was whether this large heterotic response

was greater than the heterosis expressed among the winter or spring
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parents.

This experiment compared the expression of heterosis within winter/

winter, winter/spring, and spring/spring hybrids of barley. Results

from the germplasm selected for this study showed that only the winter/

winter cross exhibited a significant expression of heterosis for yield.

The winter/winter cross also expressed the only significant heterosis

for the tillering component of grain yield. The winter/spring hybrids

produced a significant expression of heterosis for kernel weight, but a

possible yield component compensation effect (a low expression of kernel

number) may have prevented the heterotic effect in grain yield. These

,esults are in agreement with Joshi and Tandon (1978), who also failed

find heterosis expressed by winter/spring hybrids.

If the winter/spring hybrids had produced a heterotic expression

significantly greater than in the spring/spring or winter/winter hybrids,

additional support might have been added to the concept of diversity be-

tween winter and spring germplasm. The cultivars utilized in the

present study, and most winter/spring experiments reported in the litera-

ture, were selected because of specific traits or characteristics they

possess. Thus, a fixed model of analysis is in effect and conclusions

must be limited to the populations in the study. Breeders studying

crosses made between a small number of winter and spring cultivars cannot

reach sound conclusions on this problem. The accumulation of several

of these studies may provide valuable insight into the feasibility of

producing increased genetic variation through winter/spring crosses.

The problems involved in investigating the variation produced by

hybridization of winter and spring type cereals are very complex. It is
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difficult to experimentally assess the potential that exists within and

between the winter and spring germplasm. Due to their habit, they

are adapted to different growing seasons and often to different agricul-

tural regions of the world. To evaluate these respective crops out of

their ecological or agricultural niche may seriously disadvantage their

expression and possibly bias the results. Planting spring material in

the fall subjects it to cold against which it has little natural defense.

Winter germplasm planted in the spring may fail to accumulate enough

exposure to cold to enable it to head and produce seed properly. Inad-

vertantly, advantages may also be produced. Spring germplasm sown in

the fall may gain the benefit of an extended growing season, provided

the winter is mild. Researchers working in this area of experimentation

must bear this in mind when analyzing their results and reaching conclu-

sions. The problem associated with environmental influence on the ex-

pression of heterosis may be compounded when evaluating winter or spring

germplasm out of the respective seasonal context.

The results of this experiment emphasize the importance of the

environmental effects on the heterotic expression of barley hybrids.

More research is needed investigating the influence of environmental

factors such as planting date, planting density, and soil nutrient and

water status on the expression of heterosis. Until such problems are

addressed and a better understanding of these interactions are gained,

the results of this and similar experiments will not be fully appreci-

ated.
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Appendix Table 1. Treatment totals of F1 crosses for tiller number,
kernel weight, kernel number, grain yield, and
plant height for orthogonal contrasts.1/

Hudson/
Ager

Hudson/
M21

Hudson/
Karl

Ager/
M21

Ager/
Karl

M21/
Karl

Tiller number 52.33 34.71 35.75 45.30 40.31 38.40

Kernel weight (gm) 91.14 100.48 106.25 112.44 116.74 103.25

Kernel number 127.09 86.85 109.82 84.18 99.97 115.32

Grain yield
(gm/plant)

123.44 61.43 90.74 81.70 94.25 101.40

Plant height(cm) 197.21 169.99 178.74 157.00 166.43 159.00

1/ for 2 replications, 1 observation per replication
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Appendix Table 2. Treatment totals of F2 crosses for tiller number,
kernel weight, kernel number, grain yield, and
plant height for orthogonal contrasts.)/

Hudson/
Ager

Hudson/
M21

Hudson/
Karl

Ager/
M21

Ager/
Karl

M21/
Karl

Tiller number 483.32 398.79 347.80 404.56 336.87 349.36

Kernel weight (gm) 868.48 931.00 961.75 999.01 1048.39 1008.29

Kernel number 1193.01 1120.87 1183.79 1061.95 1100.55 1205.87

Grain yield
(gm/plant)

1029.00 880.79 838.31 891.10 845.23 848.55

Plant height (cm) 1863.27 1665.67 1768.81 1513.03 1542.94 1552.53

1/ for 2 replications, 10 observations per replication
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Appendix Table 4. Parental description and pedigree.

1. Hudson developed at the Cornell University Agricultural Experiment
Station, Ithaca, New York, this variety originates from a single
plant selection from the cross Michigan Winter x Wong. It is an
awned, 6-rowed winter barley with a dense erect type head. Hudson
has plump kernels of medium size. It is of short to medium height
with good yield potential, and mid-season maturity (compared to
other winter cultivars).

2. Ager this winter cultivar was developed in France at the Clermont
Ferrand Experiment Station. It is a 6-rowed barley with medium
height. Ager has been utilized in Pacific N. W. breeding programs
because of its earliness (compared to other winter types), its
resistance to scald and other diseases, and for its yield potential.
It was developed from the cross Wordia/Kenya//Weihenstephan L259-
711.

3. M21 Minnesota line 21 was developed from the cross Jotun/Kindred//
Vantage/3/Trophy/4/Dickson/5/M60-105. M21 is utilized because of
its good head fertility, high kernel weight and short stature. It

is an early maturing, 6-rowed spring type barley.

4. Karl - was developed in Idaho by the Idaho Agricultural Experiment
Station in cooperation with the USDA-ARS at Aberdeen. Karl is a
composite of seven selections of G3A62987 from the cross Traill//
Good Delta/Everest/3/Traill. Karl is 6-rowed, spring type barley
with a lax head type. Good head fertility, medium kernel size,
moderate height and excellent malting characteristics make it
popular in breeding programs. It is early to mid-season in maturity
and has intermediate straw strength.
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Appendix Table 5. Precipitation and temperature at the Central
Oregon Experiment Station, Redmond, Oregon, for
March to August 1979.

Month Precipitation
(cm)

Mean Temperature (°C)

4" soil air

March 2.77 1.71 4.53

April 1.57 3.94 6.29

May .64 10.56 10.61

June .23 14.44 13.33

July .03 17.78 15.56

August 3.25 21.67 18.89
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Appendix Table 6. Irrigation, fertilizer and herbicide applications.

The experiment was conducted at the Central Oregon Experiment

Station, Redmond, Oregon. The soil at Redmond is a Deschutes sandy

loam. Annual precipitation averages 20 cm of rainfall.

Irrigation water was applied at 7 day intervals beginning on 17

May 1979 and then through the course of the experiment. Each irriga-

tion supplied approximately 5 cm of water for a total of 70 cm irriga-

tion.

Prior to seeding 100 kg/Ha N, 110 kg/Ha P, and 0 kg/Ha K of

fertilizer was applied and incorporated into the seed bed. An additional

20 kg/Ha N was topdressed during the tillering stage of plant develop-

ment.

Good weed control was achieved by one application of bromoxynil

(Buctril) at a rate of 1.8 it /Ha (1.5 pt/A) on 11 May 1979.


